Recent studies indicate that norepinephrine-induced contractile oscillations in the tail artery from stroke-prone spontaneously hypertensive rats (SHRSP) may be a vascular phenomenon independent of blood pressure level. The objectives of this study were: (1) to characterize pharmacologically the a-adrenoceptor mediating norepinephrine-induced oscillations in tail artery; and (2) to investigate the relationship between blood pressure level, altered by treatments with hydralazine/ hydrochlorothiazide or the angiotensin converting enzyme inhibitor ramipril, and the observation of norepinephrine-induced oscillations in tail artery. The a2-adrenoceptor agonists clonidine and guanabenz potently stimulated oscillatory contractions in the tail artery while the al-adrenoceptor agonists phenylephrine and methoxamine were considerably less potent. Yohimbine, an a2-adrenoceptor antagonist, but not the al-adrenoceptor antagonist prazosin demonstrated high affinity for the receptor mediating norepinephrine-induced oscillatory contractions. These results support the hypothesis that norepinephrine-induced oscillatory contractions in the tail artery from SHRSP occur primarily through stimulation of a2-adrenoceptors. Ramipril lowered blood pressure in SHRSP after 4 weeks of treatment during 6-10 weeks of life but did not alter the ability of the a2-adrenoceptor agonist clonidine (10 -5 M) to induce contractile oscillations in tail arteries from SHRSP, indicating these oscillations are not a secondary effect of high blood pressure. These studies suggest that norepinephrine-induced oscillations in tail artery from SHRSP may be a vascular trait separate and distinct from blood pressure level and angiotensin II expression early in life.
I. Introduction
Hypertension, or elevated blood pressure, is in part effected by changes in vascular smooth muscle. The activity of vascular tissue ultimately affects total peripheral resistance, which in turn determines blood pressure. Several vascular changes have been demonstrated in hypertensive individuals. For example, in many forms of hypertension, blood vessels demonstrate hyperreactivity to contractile agonists including norepinephrine, serotonin and angiotensin II when compared to vessels from normotensive subjects (Bohr and Webb, 1988) . It has been difficult, however, to separate changes in vascular activity which occur because of hypertension from changes that are present prior to elevation in blood pressure. Indeed, elevated blood pressure can result in such physical changes as hypertrophy of vascular smooth muscle (Stills, 1979; Gab- bianai et al., 1979; Owens and Schwartz, 1982; Grunwald et al., 1982) and basement membrane thickening (Guyton et al., 1990) .
Recently, a vascular trait has been identified which is unique to stroke-prone spontaneously hypertensive rats (SHRSP) and may be disparate from the development of hypertension (Bruner et al., 1986; Bruner and Webb, 1987; Myers et al., 1985; Lamb et al., 1985) . The addition of norepinephrine to the isolated tail artery of SHRSP results in a steady contraction with superimposed contractile oscillations. This isometric response contrasts with the maintained contraction norepinephrine induces in tail arteries from normotensive Wistar-Kyoto (WKY) rats. In the first part of this study, we present the in vitro pharmacological characterization of the adrenoceptor mediating norepinephrine-induced oscillatory contractions in tail artery from SHRSP.
More importantly, recent evidence also suggests that the oscillatory activity induced in the tail artery of SHRSP may be genetically associated with blood pres-sure (Bruner ct al., 1986) . It is unclear whether the appearance of norepinephrine-induced oscillations in tail arteries from SHRSP signifies an underlying defect in the tissue of these hypertensive rats or whether it is a vascular trait secondary to increased blood pressure. Thus, we have treated a group of SHRSP and normotensive WKY rats with the angiotensin converting enzyme inhibitor ramipril to lower blood pressure; the tail arteries from these animals were then removed and tested for norepinephrine-induced oscillations. Our hypothesis was that if norepinephrine-induced oscillations were secondary to blood pressure level, treatment with a compound which lowered blood pressure should abolish norepinephrine-induced oscillations in tail arteries from SHRSP. This group of experiments also enabled us to test another hypothesis, one recently proposed by Harrap et al. (1990) . Harrap et al. (1990) proposed that in genetically hypertensive rats, it is during a critical period of life -2-10 weeks -that a gene may be 'switched' by angiotensin II, ultimately leading to production of hypertension. Angiotensin converting enzyme inhibitors such as perindopril and ramipril (Todd and Benfield, 1990) inhibit the production of angiotensin II and may therefore permanently lower blood pressure by altering early-life gene 'switching'. If norepinephrine-induced tail artery oscillations in SHRSP are dependent upon angiotensin II production and independent of blood pressure level, then treatment of SHRSP with ramipril but not hydrochlorothiazide/hydralazine -a treatment used to lower blood pressure level independent of angiotensin II production -should diminish the ability of norepinephrine to induce tail artery oscillations. Thus, the present studies investigate the relationship between vascular changes and blood pressure level in genetically hypertensive animals.
Materials and methods

Animals
Male Wistar Kyoto (WKY) and stroke-prone spontaneously hypertensive (SHRSP) rats were obtained from a colony established in the Department of Anatomy and Cell Biology at the University of Michigan (Ann Arbor, MI, USA). Rats were housed in a light-cycled, temperature-controlled room with ad libitum access to food and water.
Six different treatment groups were used: (1) untreated WKY; (2) untreated SHRSP; (3) hydrochlorothiazide/hydralazine-treated WKY; (4) hydrochlorothiazide/hydralazine-treated SHRSP; (5) ramipriltreated WKY; and (6) ramipril-treated SHRSP. Hydralazine, a vasodilator, and the diuretic hydrochlorothiazide were used in combination to lower blood pressure in a manner independent of angiotcnsin I1 production. Rats in the hydrochlorothiazidc/hydralazinetreated group received hydralazine (200 mg/I) and hydrochlorothiazide (200 mg/I) in their drinking water (deionized water) from 6 to 10 weeks of age. Based on an intake of 20 ml of water per day, hydrochlorothiazide/hydralazine-treated rats received 4 rag/day of each drug. All other rats received tap water. After treatment from 6 to 10 weeks of age, the hydrochlorothiazide/hydralazine-treated rats were switched to tap water for the remainder of the experiment. Rats in the ramipril-treated group received ramipril in their food (0.0025% ramipril by weight) from 6 to 10 weeks of age. Measured dosages of ramipril were: WKY rats 2.94 _+ 0.16 mg/kg/day; SHRSP, 3.32 _+ 0.18 mg/kg/ day (P > 0.05). All other rats received control food. After treatment from 6 to 10 weeks of age, the ramipril-treated rats were switched to control food for the remainder of the experiment. Blood pressures were measured weekly by an indirect tail cuff method in conscious, restrained rats.
Isolated tissue bath protocol
Rats were killed with a lethal dose of sodium pentobarbital (60-80 mg/kg) and tail arteries were dissected from the animal. Arteries were cut helically into strips (0.7 × 10 ram) and tied with surgical silk at both ends. The strips were mounted in 50 ml organ baths containing physiological salt solution (PSS); one tissue end was tied to a stationary stainless steel rod, the other to an isometric force transducer. PSS was maintained at 37°C and aerated with 95% 02-5% CO 2. The composition of PSS was as follows (millimolar): NaCI, 130; KCI, 4.7; KHzPO4, 1.18; MgSO 4. 7H20 , 1.17; NaHCO3, 14.9; CaC12-2H20, 1.60; dextrose, 5.5; and CaNa2EDTA, 0.03.
Rat tail artery
Once mounted in the tissue baths, an optimum passive force (0.6 g) was applied to the tail arteries; the vessels were then allowed to equilibrate 60-90 min before exposure to compounds. Cocaine (10 -6 M) was included to minimize neuronal uptake of select agonists. Contractile responses to agonists were measured in a non-cumulative fashion. Each concentration of agonist was added to the bath and remained in the bath for 20 min. Agonists were then rinsed from the bath, and the arteries were allowed to return to baseline tension before addition of the next agonist concentration. In some studies, antagonists were added 1 h before agonist addition. Force generation was measured as the initial response. Oscillatory activity was defined as the number of times tension crossed over a line of zero, which bisected the oscillations, in the last 10 min of a 20 min incubation with the agonist (see fig.  1B for further description).
In experiments dealing with antihypertensive treatment, it was determined whether clonidine (10 -5 M) induced oscillations in tail artery from control, hydralazine/hydrochlorothiazide-or ramipril-treated WKY and SHRSP.
Analyses and statistics
Data are reported as a mean +_ standard error of the mean (S.E.M.) for the number of animals indicated in the parentheses (N). ECs0 values, the concentration of agonist necessary to produce a half-maximal response, were calculated using the following algorithm:
where Response = oscillatory response (zero crossings/10 min), Maximal = maximum oscillatory response (maximum zero crossings/lO min) and [A] = agonist concentration. Estimates of ICs0 values, the concentration of antagonists necessary to depress the oscillatory response to a half-maximal level, were calculated in a similar fashion except Response = percent inhibition of norepinephrine (3 × 10 -7 M)-induced oscillatory response, Maximum = maximum percent inhibition of norepinephrine-induced oscillation and [A] = antagonist concentration. An IC50 value for prazosin could not be calculated as prazosin did not completely abolish the norepinephrine-induced oscillatory contractions up to 3 × 10 -6 M. Rat brain radioligand binding affinity values used in the correlations were taken from the literature (Rouot et al., 1982) . When appropriate, Student's t-tests, linear regression, weighted logistical modelling with diagnostic methods, analysis of variance and Tukey's post hoe test were used. A P value less than 0.05 was considered statistically significant.
ZS. Drugs
The following drugs were used: clonidine hydrochloride (Boehringer Ingelheim, Rigefield, CT, USA), epinephrine bitartrate monohydrate, hydralazine, hydrochlorothiazide (Sigma, Chemical Co., St. Louis, USA), guanabenz acetate (Wyeth, Philadephlphia, PN, USA), methoxamine hydrochloride (Burroughs Wellcome Co., Research Triangle Park, NC, USA), (l)-norepinephrine hydrochloride (Calbiochem, San Diegeo, CA, USA), phenylephrine hydrochloride (Sigma, St. Louis, MO, USA), yohimbine hydrochloride (Amend Drug and Chemical Co., New York, NY, USA) and ramipril (provided by Upjohn Co. and Hoechst, Kalamazoo, MI, USA). Fig, 1A demonstrates the concentration response curves for norepinephrine-induced initial contraction (see inset) in tail artery from WKY and SHRSP. Norepinephrine was slightly but significantly more potent in contracting tail arteries from SHRSP (-log EC50 = 7.85 + 0.13) than from WKY rats ( -log ECs0 = 7.48 __+ 0.09). Inset in fig. 1A and 1B are tracings of norepinephrine (5.9 × 10 -8 M)-induced contraction in tail arteries from WKY and SHRSP. Note that at similar magnitudes of contraction, tail artery from SHRSP displays marked oscillatory contractions while the contraction induced by norepinephrine in tail artery from WKY rats is steadily maintained. The method used to analyze the oscillatory response is also described in fig 
Results
NE-induced contractile oscillations in rat tail artery
Adrenergic pharmacology of receptor mediating norepinephrine-induced oscillations in tail arteries
Agonists other than NE also induced an oscil[atory response in the tail artery. In concentrations producing a similar magnitude of contraction to norepinephrine (5.9x10 -s M), both the al-adrenoceptor agonist methoxamine (1.2 × 10 -6 M) and the ae-adrenoceptor agonist clonidine (4.3 × 10 -7 M) caused contractile oscillations ( fig. 2 ). significant a2-adrenoceptor affinity such as clonidine (-log ECs0 = 6.83 + 0.13) and guanabenz (-log ECs0 = 7.03 +_ 0.13) were more potent in inducing tail artery oscillations than compounds with significant cq-adrenoceptor affinity such as phenylephrine (-log ECs0 = 5.57 + 0.19) and methoxamine (-log ECs0 = 5.55 + 0.09). In addition, the compounds with a~-adrenoceptor agonist affinity had greater efficacy in causing contractile oscillations in the tail artery than al-adrenoceptor agonists. These data support that a2-adrenoceptor stimulation is important in the induction of agonist-induced oscillations. Moreover, the oscillations induced by a concentration of norepinephrine (3 x 10 -7 M) which causes maximal oscillatory activity ( fig. 1B) were completely blocked by the a2-adrenoceptor antagonist yohimbine (8.5)< 10 -7 M) but not by the al-adrenoceptor antagonist prazosin (7.9 x 10 7 M) (fig. 4) . The non-selective a-adrenoceptor antagonist phentolamine abolished both the maintained tonic and oscillatory contraction induced by norepinephrine. Fig. 5 demonstrates the concentration-dependent inhibition of norepinephrine (3 x 10 -7 M)-induced oscillatory contractions in tail artery from SHRSP by yohimbine, prazosin and phentolamine. Phentolamine (-log ICs0 = 6.93 _+ 0.30) and prazosin demonstrated lesser affinity for the receptor mediating norepinephrine-induced oscillations than the az-adrenoceptor antagonist yohimbine (-log ICs0 = 7.85 + 0.27); prazosin also incompletely blocked norepinephrine-induced contractile oscillations in tail artery from SHRSP. These data, together with the agonist data, support that az-adrenoceptors are primarily involved in norepinephrine-induced oscillations in the rat tail artery. When measures of agonist potency (ECs0) and antagonist affinity (ICso) were tested for correlations with a-adrenoceptor radioligand binding affinity values from the literature (Rouot et al., 1982) , a comparatively strong correlation between compound activity (ECs0, IC50) in tail artery and a2-adrenoceptor compound binding affinities was revealed (fig.  6 ). Collectively, these pharmacological data support the involvement of the a2-adrenoceptor in norepinephrineinduced oscillations of the rat tail artery. Furthermore, these data support the use of an a2-adrenoceptor agonist such as clonidine to investigate the phenomenon of tail artery oscillations.
Relationship of blood pressure and oscillations in vascular smooth muscle
To ascertain whether the phenomenon of agonist-induced oscillations in the rat tail artery was an event dependent on the blood pressure level or angiotensin II production early in life, tail arteries were dissected from WKY and SHRSP which had been treated early in life (6-10 weeks old) with the angiotensin converting enzyme inhibitor ramipril (3.0 mg/kg day) or hydralazine/hydrochlorothiazide (4.0 mg/day). Table 1 documents the mean systolic blood pressures of the rats prior to treatment (6 weeks), at the end of treatment (10 weeks) and just prior to experimentation (17 weeks). Note that treatments with both hydrochlorothiazide/ hydralazine and ramipril significantly decreased the blood pressures of SHRSP and WKY rats during the 4 week treatment periods. After treatments were discon- tinued, the blood pressure of hydrochlorothiazide/ hydralazine-treated WKY and SHRSP rats and ramipril-treated WKY rats returned to levels equivalent to their respective controls. In contrast, blood pressures of the ramipril-treated SHRSP were significantly depressed compared to SHRSP controls but significantly higher than blood pressures in WKY rats. Table 1 also demonstrates the percentage of rat tail arteries from the six treatment groups that responded to the a2-adrenoceptor agonist clonidine (10 -5 M) with oscillations. If agonist-induced oscillatory contractions of the rat tail artery to agonists were dependent on blood pressure level or angiotensin II production early in life, we would expect the arteries from the ramipril-treated rats to display a lower incidence of oscillatory activity. Virtually none of the tail arteries from WKY rats displayed clonidine-induced oscillatory contractions. In contrast, nearly all tail arteries from SHRSP -regardless of blood pressure -responded to clonidine with oscillations ( was not a suitable predictor of clonidine-induced tail artery oscillations. Furthermore, weighted linear regression between terminal blood pressure and the percentage of animals whose tail arteries oscillated to clonidine ( fig. 7 ) revealed that the SHRSP-ramipril point significantly influenced the slope of the correlation line; this point does not belong on the correlation line. The continued appearance of oscillations in tail artery from ramipril-treated rats would suggest that the decrement ramipril lowered blood pressure (approximately 50 mm Hg) is not influenced by tail artery oscillations, nor does this 50 mm Hg drop in pressure alter the appearance of oscillations in tail artery. However, the possibility remains that the remainder of elevated blood pressure (30-35 mmHg) in SHRSP may somehow influence tail artery oscillations and vice versa. Nonetheless, these findings suggest that the induction of contractile oscillations in the tail artery of SHRSP is independent of blood pressure and may be a primary dysfunction in SHRSP. Furthermore, expression of the oscillatory contractions in tail artery of SHRSP does not apparently depend on early angiotensin II production as ramipril did not significantly affect the appearance of oscillatory contractions in the tail artery of SHRSP.
Discussion
A debate in the study of hypertension exists as to whether the observed changes in reactivity and morphology in vessels from hypertensive subjects are a cause or a result of increased blood pressure. The present studies were performed to investigate further the relationship of blood pressure level and contractile oscillations, vascular events seen in tissues from SHRSP.
In 1985, it was first demonstrated that norepinephrine induced oscillatory contractions in tail arteries from SHRSP but not WKY rats Lamb et al., 1985) . Since this initial report, norepinephrine-induced tail artery oscillations have been characterized to some extent. First, norepinephrineinduced tail artery oscillations have been observed only in the SHRSP model of hypertension; tail arteries from spontaneously hypertensive rat (SHR), deoxycorticosterone acetate-salt (DOCA-salt) and renal hypertensive rats do not exhibit contractile oscillations to agonists. Tail artery oscillations are also independent of neuronal innervation as acute denervation of tail artery with 6-hydroxydopamine does not alter the ability of norepinephrine to induce oscillations . Secondly, the cellular mechanisms involved in norepinephrine-induced oscillations in the tail artery have been investigated. Norepinephrine-induced oscil- TABLE 1 Systolic blood pressures of WKY and SHRSP rats at 6, 10 and 17 weeks of age ". lations in tail artery from SHRSP depend on access to extracellular Ca 2+. This is supported by the fact that (1) norepinephrine-induced oscillations do not occur when extracellular Ca 2+ is removed from surrounding buffer ; and (2) the Ca 2+ blockers D-600 , nifedipine and felodipine (Bruner and Webb, 1989 ) block norepinephrine-induced oscillations in the tail artery. Similar experiments demonstrated that the non-selective K + channel antagonists quinidine, sparteine and barium also antagonized norepinephrine-induced oscillations (Lamb and Webb, 1989a) . In other studies, it was demonstrated that the Ca2+-dependent K + channel blockers apamin and charybdotoxin did not alter norepinephrine-induced oscillations (Lamb and Webb, 1989a) . Collectively, these data suggest that norepinephrine-induced oscillations depend upon the influx of Ca 2÷ and changes in K + movement. Nonetheless, the oscillations are apparently not initiated by the activation of Ca2+-dependent K + channels as neither apamin nor charybdotoxin affected the contractile response. It is not yet clear how these ion movements integrate to result in norepinephrine-induced oscillations. However, using simultaneous measurement of isometric force generation and membrane potential, Lamb and Webb (1989b) have demonstrated that the norepinephrine-induced oscillations in tail arteries from SHRSP were associated with regenerating depolarizations/repolarizations. Thus, the norepinephrine-induced oscillations in tail arteries from SHRSP are rhythmical contractions associated with regenerative, electrical events.
In the present study, we have explored the pharmacology of the adrenoceptor which mediates norepinephrine-induced oscillations of tail arteries from SHRSP. The finding that the ae-adrenoceptor agonists clonidine and guanabenz were potent in stimulating oscillations and that the ae-adrenoceptor antagonist yohimbine blocked the contractile receptor with high affinity supports that the adrenoceptor mediating contractile oscillations in tail arteries is in the a2-adrcnoceptor family. This is further supported by the lesser effects of the a~-adrenoceptor agonists methoxamine and phenylephrine as well as the relatively lower affinity that prazosin demonstrated for the contractile receptor.
The presence of extrajunctional c~2-adrenoceptors has been demonstrated in vascular smooth muscle such as the dog saphenous vein (Langer et al., 1980) . In the rat tail artery, there appears to be a mix of both a 2-and al-adrenoceptors (Langer and Shepperson, 1982; Rajanayagam and Medgett, 1987; Xiao and Rand, 1989a,b) . In the perfused rat tail artery, Sulpizio and Hieble have demonstrated that the a-adrenoceptor mediating electrical field-stimulated contraction of the tail artery from normotensive rats is of the a~-adrenoceptor family (Sulpizio and Hieble, 1991) . Thus, those receptors immediately exposed to norepinephrine released from nerves appear to be a 1-adrenoceptors. The rat tail artery contraction to exogenously administered norepinephrine could be blocked by both a l-and a2-adrenoceptor antagonists (Langer and Shepperson, 1982; . Thus, the mixed response of a 1-and a2-adrenoceptors in the rat tail artery appears to be similar to the situation in the dog saphenous vein (Langer et al., 1980) . Weiss et al. (1984) demonstrated an increased population of ae-adrenoceptors in both the brain (amygdala) and tail artery of the SHR when compared to tissues from WKY rats. As SHRSP are a substrain of the SHR, we can postulate that an increased a 2-adrenoceptor density may also be found in SHRSP. Thus, one possible reason for the observed lack of oscillations in tail artery from WKY may be an a 2-adrenoceptor population too small for an oscillation to be acheived. This postulate is supported by studies from in which tail artery from SHR possessed a greater a2-adrenoceptor population than tail artery from WKY rats. While ae-adrenoce ptor subtypes exist (Bylund, 1992) , we have not investigated which ~x2-adrenoceptor(s) were in the tail artery. Nevertheless, the present studies demonstrate that the primary adrenoceptor involved in norepinephrine-induced oscillatory responses is most likely an a2-adrenoceptor.
We next investigated the relationship of this oscillatory event in the tail artery with blood pressure level. This was clone for two reasons. First, it had previously been demonstrated that norepinephrine-induced oscillations in SHRSP are genetically associated with elevated blood pressure in the SHRSP. Specifically, a study of the relationship between blood pressure and tail artery oscillation in genetic crosses (F~) of SHRSP and WKY rats indicated that the gene(s) which result in expression of oscillatory activity (a phenotype) may also be a determinant of high blood pressure (Brunet et al., 1986) . Furthermore, when the hypertension of SHRSP was chronically treated with the vasodilator hydralazine and diuretic hydrochlorothiazide, blood pressure levels were lowered in SHRSP but the oscillatory contraction of the tail artery remained (Bruner and Webb, 1987) . Collectively, these studies were the first to suggest that norepinephrine-induced oscillatory contraction in tail artery of SHRSP may not be an effect secondary to development of high blood pressure, but an intrinsic change of the vessel. Our second reason for the present studies was to investigate a hypothesis proposed by Harrap et al. (1990) . Harrap et al. (1990) demonstrated that treatment of young, genetically hypertensive rats with the angiotensin converting enzyme inhibitor perindopril at a young age (2-10 weeks) resulted in a significant and apparently perma-nent decrease in blood pressure. These results were interpreted to mean that a 'critical period' for highblood pressure development exists early in life. A 'gene-switching' hypothesis was proposed; early in life, the development of high blood pressure may be dependent on the production and manifestation of the effects of angiotensin I1. Angiotensin II may 'switch' on and/or off particular genes, thereby initiating a series of events that ultimately leads to the expression of hypertension. By inhibiting the production of angiotensin II with perindopril, these genes may never get 'switched'; thus, hypertension may not be expressed. We have reproduced these studies using the angiotensin converting enzyme inhibitor ramipril.
During the 4 week treatment period, both ramipril and hydralazine/hydrochlorothiazide treatment significantly lowered blood pressures from control SHRSP levels (table 1) . Upon discontinuation of treatment, blood pressures of the hydralazine/hydrochlorothiazide group rebounded to levels similar to those of the control SHRSP. In contrast, blood pressures of the ramipril-treated SHRSP group remained significantly reduced when compared to control SHRSP. Thus, ramipril, like perindopril, appears to have long-term affects on the expression of high blood pressure. The hypothesis we then tested was whether clonidine-induced oscillations in the tail artery would still occur in these putatively 'switched' animals. If agonist-induced oscillations in the tail artery were under control of angiotensin II expression, we would expect that angiotensin converting enzyme inhibition would turn off the adrenoceptor-mediated oscillation. Clonidine (10 -5 M)-induced oscillations in a statistically similar percentage of rat tail arteries isolated from ramipriltreated SHRSP and untreated SHRSP; thus, the appearance of agonist-induced oscillations in the tail artery from SHRSP is most likely an event independent of angiotensin II generation during the proposed critical period. Furthermore, the logistic model used to examine the relationship of clonidine-induced oscillation of rat tail artery and blood pressure concluded that blood pressure was not the best indicator of whether a tail artery would oscillate to clonidine. These results support previous indications (Brunet et al., 1986; Bruner and Webb, 1987) that the SHRSP tail artery oscillation stimulated by norepinephrine may truly be a primary dysfunction of the SHRSP and not a result of elevated blood pressure.
The studies in the present report indirectly support the association of oscillatory contractions and elevated blood pressure, and the hypothesis that oscillatory contractions such as those described above may characterize hypertension. For example, Meininger et al. (1984) estimated that in renal hypertensive rats, 30 percent of the increased hindquarter vascular resistance was caused by rhythmic arteriolar vasomotor activity. In the human renal circulation, stimulus-induced flow responses were oscillatory (Hollenberg and Sandor, 1984; Hollenberg, 1987) . Comparable to the agonist-induced oscillations in the tail artery from SHRSP Lamb et al., 1985) , oscillatory flow responses in human renal circulation can be inhibited by Ca 2+ channel antagonists. Recently, Webb et al. (1992) demonstrated that agonists -serotonin and endothelin -induced oscillatory contractions in a greater percentage of vertebral arteries from hypertensive than in normotensive individuals. Again, these oscillations were similar to those observed in tail artery from SHRSP in that the oscillations were dependent on extracellular Ca 2+ and blocked by the L-type voltage sensitive Ca 2+ channel antagonists verapamil and nifedipine.
In summary, we have performed a series of experiments using the genetically hypertensive SHRSP and normotensive WKY rats that investigates: (1) the complex relationship of altered vascular reactivity with blood pressure level; and (2) a recently proposed hypothesis concerning gene 'switching' in genetic hypertension. First we determined that the primary adrenoceptor mediating the unique phenomenon of norepinephrine-induced oscillations in tail arteries from SHRSP is most likely an a2-adrenoceptor. Second, we found that although the angiotensin converting enzyme inhibitor ramipril lowered blood pressures of SHRSP significantly, it did not alter the appearance of clonidine-induced tail artery oscillations in SHRSP, thereby supporting the independence of this vascular event from blood pressure and early angiotensin II production.
